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We present a sample of 81 Gamma-Ray Bursts (GRBs) observed by Fermi-GBM for which we
compute the distance moduli and use them to constrain effective dark energy models. To overcome
the circularity problem affecting the use of GRBs as distance indicators, we calibrate the Amati
relation of our sample by employing a cosmology-independent technique. Specifically, the latest
observational Hubble parameter data are used to approximate the cosmic expansion through a
Bezier parametric curve. We subsequently obtain the distance moduli of the GRBs and include it
in a suite of recent cosmological (Planck Compressed 2018 and 2012 BOSS release of BAO data)
and local (Pantheon SNIa) observations of the expansion history to compute Bayesian posterior
constraints for the standard cosmological model ΛCDM, ωCDM, and for the CPL parametrization.
We highlight the advantages that our dataset and method represent over other recent GRB data.
I. INTRODUCTION
In the endeavour of characterising the cosmological expansion, standard candles are a keystone for precise
distance determinations. In practice, however, the search for high precision in many of the distance indicators
exposes several sources of bias that prevent astrophysical objects from reaching the status of standard candles.
The luminosity of Supernovae of Type Ia (SNe Ia), for example, seems to be subject to its environment [1] and
such dependence could only be accounted for through precise observations. In this sense, any contribution from
alternative distance indicators which preferably cover a wide range of redshifts is key to improve cosmological
distance determinations, and ultimately, characterise the Dark Energy component.
An attractive prospect is the distance modulus of Gamma Ray Bursts (GRBs) (for pioneer works see, e.g.
[2–4]). Despite the well known dispersion in the luminosity correlations and other sources of uncertainty,
GRBs remain good candidates for distance indicators. GRBs represent the most powerful explosions in the
Universe. They are bright enough to be detected up to high redshifts1. Therefore, they are often proposed
as complementary tools to SNe Ia observations to probe the expansion history of the Universe. The prompt
emission of GRBs lies mostly in the range from 0.001 to a few MeV, and lasting from 0.01 to 1000 seconds.
This property classifies naturally the set of GRBs in two categories, those with T90 > 2 seconds are classified
as long and are associated to the collapse of certain types of massive stars [8]; while the short kind is associated
to the merger of compact objects [8]. Despite several efforts to model the explosion mechanism of the GRBs
(e.g. [9–12]), there is no single satisfactory explanation and their nature is still not fully understood. In
consequence, the distance calibration of GRBs presents more difficulties as that of SNe Ia.
∗Electronic address: amontiel@icf.unam.mx
1The highest redshifts recorded lie at z = 8.2 (GRB090423) [5, 6] and z = 9.4 (GRB090429) [7].
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2So far, several methods have been proposed to calibrate GRBs [2], [3], [4], [13], [14], [15], [16], [17], [18].
Most calibrating methods rely on empirical luminosity correlations found in long GRBs. Among the known
correlations are those between spectrum lag and isotropic peak luminosity (τlag−L relation, [19]), the correla-
tion between time variability and isotropic peak luminosity (V −L relation, [20]), a tight correlation between
the peak energy of νFν spectrum and isotropic equivalent energy (Ep − Eiso relation, [21]), a correlation be-
tween the peak energy and the collimation-corrected energy (Ep −Eγ relation, [22]), the correlation between
peak energy and isotropic peak luminosity (Ep −L relation, [23]), and the correlation between minimum rise
time of light curve and isotropic peak luminosity (τRT − L relation, [4]). Recently, some other correlations
have been reported in the literature [24–30] (See [31] for a review and more details on these correlations).
In many of these correlations, the luminosity of GRBs appears correlated with the temporal and spectral
properties. While, as already stated, these correlations are not yet fully understood from first principles,
their existence naturally leads to the consideration that GRBs could be used as distance indicators, offering
a possible route to probe the expansion history of the Universe up to z & 9. Datasets of GRBs distance
moduli are often used (either alone or in combination with other observational data such as SNe Ia), to
constraint cosmological parameters [2–4, 13–15, 32–37]. In the calibration of the empirical correlations, two
caveats stand out that prevent the improvement of GRBs distance moduli as distance indicators. First is a
number of sources of uncertainty in the determination of luminosity parameters. It is known that combining
databases from different telescopes may introduce an unknown selection bias due to the different thresholds and
spectroscopic sensitivity [38, 39]. Additionally, mixing methods for the redshift determination (photometric
vs. spectral) is also a source for uncertainty [40].
On the other hand an inherent circularity problem arises in the calibrations of GRBs, since the determination
of energy flux typically assumes an underlying cosmological model. Several works have attempted to tackle
these circularity problems by adopting model-independent methods to estimate parameters in the calibration
(see for instance [3, 13–16, 33–35, 41, 42, 42]).
In this paper we present a sample of 81 Fermi-GRBs, carefully selected to avoid speculation (and large
errors) in the determination of luminosity parameters. After listing their spectral properties, we calibrate
the set in a model-independent way by employing the Amati relation [36, 43] which relates the rest frame
peak energy of the spectra Ep to the isotropic energy emitted Eiso. The calibration is perfomed following
the recent work of [44] where a compilation of 31 measurements of the Hubble parameter were used to fit
a Bezier parametric curve in order to obtain the Hubble’s rate at arbitrary redshifts without assuming an a
priori cosmological model. In that paper, the values for the Eiso was determined for 193 GRBs taken from
[45] and references therein. In contrast, our sample originates from a single catalogue, thus avoiding selection
biases and other instrument-associated systematics.
We show the usefulness of our dataset by comparing our results with previous samples, through the perfor-
mance of a Bayesian parameter estimation for the ΛCDM, ωCDM and the CPL models employing GRB data
and the latest compilation of Supernovae Ia data (SNe Ia) [46], Baryon Acoustic Oscillations (BAO) [47–49]
and Cosmic Microwave Background (CMB) data [50].
The paper is organized as follows. In Sec. II we present in detail our Fermi/GBM GRBs sample; in Sec. III
we calibrate the observables of our sample and subsequently the Amati relation. In Sec. IV we include the
calibrated sample in a suite of observations to fit parameters of the three dark energy (DE) models mentioned
before. We carry this analysis including SNe Ia; BAO for clusters with redshifts up approximately 2, as well
as CMB data from Planck-compressed 2018. We discuss our results in Sec. V and we present our conclusions
in Sec. VI.
3II. GAMMA-RAY BURSTS OBSERVATIONS
The GRBs spectrum is described in terms of an empirical spectral function, the Band function [51], which
explicitly is
f(E) =
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with Eb = (α − β)E0. This spectrum peaks at (Ep,obs), which is related to the spectral parameters as
Ep,obs = E0(2 + α).
Due to the intense radiation emitted in GRBs, it is possible to detect such explosions at high redshift z [5].
The precise determination of z is crucial to infer the distance to the object (luminosity distance), which is
necessary to determine the radiated energy (Eiso) in gamma band. The redshift can be computed analysing
spectral emission or absorption lines of the afterglow spectrum, or by its photometric analysis at lower energy
bands (from X-rays to radio), from observations generally performed by auxiliary telescopes.
A. The sample
While the SWIFT satellite has provided the largest number of GRBs with redshift to the existing catalogues,
the BAT instrument of this satellite is limited to energies up to 150 keV [52]. This value lies below the average
Ep,obs of GRBs [53], which prevents the determination of most of the spectral parameters in the Band function
or even the cut-off power-law. Consequently, it is impossible to obtain directly the flux and luminosity for
many of the GRBs observed by the BAT-SWIFT satellite.
On the other hand, Fermi features two instruments GBM and LAT sensible to energy bands of 8 keV to 40
MeV [54], and 100 MeV to 300 GeV [55], respectively.
For our compilation, FERMI spectral data were taken from the FERMI-GBM catalogue [56, 57], and
the redshifts were retrieved from the BAT-SWIFT database available at https://swift.gsfc.nasa.gov/
archive/grb_table.html/ and the webpage of J. Greiner http://www.mpe.mpg.de/~jcg/grbgen.html.
It is important to mention that some of the GRBs in the GBM catalogue presented no value for the
spectral parameters. Thus we reduced the raw data, employing the Gamma Ray Spectral Fitting Package
(RMFIT V4.3.2). In particular, we did this for the cases of GRB120712571, GRB180728728, GRB181020792,
GRB190114873, GRB190324947.
Since the determination of redshift from photometry is subject to learning-curve effect, that is, there is
a drift in the mean redshift over time as a consequence of different instruments contributing to redshift
acquisition (see for instance [40] for more details),
we avoid further bias and discard the GRBs with redshift set through such method [58]. Thus, we limit our
sample to those GRBs with redshift determined through spectroscopic methods either from the afterglow or
from the host galaxy (recall that the short GRBs do not satisfy the Amati relation for long GRBs and they
are also left out of our sample). Finally, we also discarded GRBs which present significant uncertainties in
the spectral parameters, namely Ep and Fbolo, because of their poor contribution during our fit procedure.
Thus, from an initial sample of 107 GRBs, we selected objects meeting the above criteria and we finally
present in Table I a sample of 81 GRBs covering the redshift range 0.117 ≤ z ≤ 5.283. The table presents the
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FIG. 1: Cosmology-dependent fit of the Amati correlation obtained with the data in Table I, assuming a standard
cosmology h = 0.6875, Ωm = 0.299. In this case, the parameters of the Amati correlation in Eq. 7 present values
A = 0.3298± 0.0600 and B = −17.6308± 3.2115.
spectral parameters of each GRB and their associated errors.
In the following section we show the process to derive the distance moduli for these objects.
III. CALIBRATION
We followed the model-independent calibration put forward by [44]. We thus apply the empirical relation
Ep − Eiso that connects Ep = Ep,obs(1 + z) with the isotropic equivalent energy Eiso derived by [21, 43],
Eiso(z) = 4pid
2
L(z)Sbolo(1 + z)
−1, (2)
where Sbolo is the bolometric fluence of gamma rays in the GRB at redshift z, the factor (1 + z)
−1 transforms
the observed GRB duration into the source cosmological rest-frame one and dL(z) is the luminosity distance
of the GRB given by
dL(z) = c(1 + z)
∫ z
0
dz′
H(z′)
. (3)
Clearly, from the above equation it can be seen that the calibration of GRBs depends on the cosmological
model through the expansion history H(z). In fact a good fit can be obtained when a cosmological model is
assumed a priori (see Fig. 1) although this is the cause of the circularity problem we want to tackle.
Making use of the cosmic chronometers approach [59, 60], which provides an independent technique to
constrain H(z) from the differential evolution of massive and passive early-type galaxies, [44] approximated
these Hubble parameter data by employing a Be´zier parametric curve of degree n given by
Hn(z) =
n∑
d=0
βdh
d
n(z), h
d
n ≡
n!(z/zm)
d
d!(n− d)!
(
1− z
zm
)n−d
, (4)
where βd are coefficients of the linear combination of Bernstein basis polynomials h
d
n(z), positive in the range
5GRB z t90 N0 σN0 Ep σEp α σα0 β σβ Fbolo σFbolo
[s] [ph/cm2s keV] [ph/cm2s keV] [keV] [keV] [ergs/cm2s] [ergs/cm2s]
*GRB180728728 0.1170 6.400E+00 2.093E-01 5.400E-03 7.964E+01 1.900E+00 -1.549E+00 1.270E-02 -2.272E+00 1.43E-02 1.047E-05 3.378E-07
GRB150727793 0.3130 4.941E+01 1.907E-02 5.853E+03 1.483E+02 1.827E+01 1.314E-01 2.777E-01 -2.158E+00 1.985E-01 3.366E-07 1.83E-07
GRB171010792 0.3285 1.073E+02 1.182E-01 1.216E-03 1.377E+02 1.427E+00 -1.089E+00 5.936E-03 -2.191E+00 8.671E-03 4.746E-06 7.923E-08
GRB130427324 0.3400 1.382E+02 6.497E-02 1.335E-04 8.250E+02 5.448E+00 -1.018E+00 1.843E-03 -2.829E+00 3.238E-02 9.345E-06 7.62E-08
GRB130925173 0.3470 2.156E+02 5.732E-01 3.550E-01 2.316E+01 8.086E-01 -1.106E-01 1.831E-01 -2.006E+00 3.260E-02 5.969E-07 4.123E-07
GRB140606133 0.3840 2.278E+01 9.634E-03 5.992E-04 5.338E+02 1.128E+02 -1.239E+00 4.621E-02 -2.037E+00 4.716E-01 1.173E-06 4.062E-07
*GRB190114873 0.4250 1.164E+02 3.796E-02 1.600E-04 8.997E+02 1.570E+01 -1.072E+00 3.690E-03 -2.586E+00 4.180E-02 5.876E-06 1.037E-07
GRB091127976 0.4903 8.701E+00 9.052E-02 1.361E-02 3.546E+01 1.550E+00 -1.254E+00 6.618E-02 -2.216E+00 2.009E-02 1.651E-06 2.826E-07
GRB090618353 0.5400 1.124E+02 5.788E-02 1.287E-03 1.490E+02 3.286E+00 -1.114E+00 1.308E-02 -2.239E+00 2.007E-02 2.405E-06 8.453E-08
GRB101219686 0.5519 5.101E+01 2.033E-01 2.157E-01 6.331E+01 1.611E+01 8.853E-01 4.932E-01 -2.391E+00 2.761E-01 1.514E-07 2.156E-07
GRB170607971 0.5570 2.093E+01 2.024E-02 2.086E-03 1.118E+02 9.032E+00 -1.286E+00 5.950E-02 -2.383E+00 0.000E+00 7.474E-07 9.862E-08
GRB141004973 0.5730 2.560E+00 4.976E-01 1.829E-01 2.781E+01 6.640E+00 5.630E-02 5.375E-01 -1.891E+00 7.405E-02 6.262E-07 6.42E-07
GRB130215063 0.5970 1.437E+02 6.217E-03 9.168E-04 2.099E+02 4.231E+01 -1.059E+00 9.077E-02 -1.615E+00 4.154E-02 7.411E-07 1.538E-07
GRB131231198 0.6420 3.123E+01 5.624E-02 9.278E-04 1.781E+02 4.031E+00 -1.218E+00 9.639E-03 -2.305E+00 3.373E-02 2.782E-06 8.957E-08
GRB161129300 0.6450 3.610E+01 7.848E-03 1.238E-03 1.464E+02 4.261E+01 -1.037E+00 9.784E-02 -1.954E+00 1.622E-01 4.04E-07 1.461E-07
GRB180720598 0.6540 4.890E+01 2.926E-02 1.914E-04 6.360E+02 1.543E+01 -1.171E+00 4.805E-03 -2.490E+00 7.095E-02 3.314E-06 8.309E-08
GRB080916406 0.6890 4.634E+01 1.501E-02 2.834E-03 1.057E+02 2.045E+01 -7.807E-01 1.063E-01 -1.774E+00 4.619E-02 6.254E-07 1.803E-07
GRB111228657 0.7163 9.984E+01 1.089E-02 2.170E-03 2.651E+01 1.252E+00 -1.582E+00 8.062E-02 -2.443E+00 5.903E-02 3.246E-07 7.276E-08
GRB140512814 0.7250 1.480E+02 6.663E-03 1.395E-04 6.910E+02 5.824E+01 -1.225E+00 1.754E-02 -3.540E+00 1.616E+01 7.148E-07 1.298E-07
GRB160804065 0.7360 1.316E+02 1.165E-02 1.888E-03 7.139E+01 4.175E+00 -1.03E+00 8.786E-02 -2.819E+00 9.034E-01 1.672E-07 4.966E-08
GRB090328401 0.7360 6.170E+01 9.689E-03 1.951E-04 6.505E+02 4.377E+01 -1.083E+00 1.657E-02 -2.390E+00 2.323E-01 1.183E-06 1.010E-07
GRB100816026 0.8049 2.045E+00 6.539E-02 7.034E-03 1.331E+02 7.083E+00 -3.178E-01 7.378E-02 -2.733E+00 2.726E-01 8.674E-07 1.665E-07
GRB150514774 0.8070 1.081E+01 2.842E-02 5.211E-03 6.461E+01 5.908E+00 -1.206E+00 9.780E-02 -2.431E+00 1.824E-01 6.056E-07 1.481E-07
GRB151027166 0.8100 1.234E+02 7.868E-03 6.011E-04 2.014E+02 2.447E+01 -1.247E+00 4.736E-02 -1.955E+00 9.463E-02 5.688E-07 8.607E-08
GRB091003191 0.8969 2.022E+01 2.044E-02 6.546E-04 3.702E+02 2.661E+01 -1.072E+00 2.277E-02 -2.215E+00 1.480E-01 1.707E-06 1.747E-07
GRB141225959 0.9150 5.632E+01 1.228E-02 2.387E-03 1.784E+02 1.928E+01 -2.982E-01 1.555E-01 -2.059E+00 1.662E-01 4.172E-07 1.482E-07
GRB120907017 0.9700 5.760E+00 1.449E-02 4.176E-03 1.283E+02 3.026E+01 -8.553E-01 2.148E-01 -4.902E+00 5.076E+01 2.635E-07 9.666E-07
GRB121211574 1.0230 5.632E+00 2.120E-02 6.734E-03 1.012E+02 1.386E+01 -2.936E-01 2.445E-01 -4.900E+00 1.867E+01 1.442E-07 3.469E-07
GRB140508128 1.0270 4.429E+01 2.331E-02 6.635E-04 2.574E+02 1.212E+01 -1.182E+00 1.890E-02 -2.319E+00 9.382E-02 1.440E-06 9.273E-08
GRB091208410 1.0633 1.248E+01 5.948E-02 2.492E-02 4.473E+01 1.276E+01 -6.152E-01 2.236E-01 -1.923E+00 4.911E-02 5.556E-07 3.398E-07
GRB180620660 1.1175 4.672E+01 1.042E-02 1.819E-03 1.756E+02 4.979E+01 -1.206E+00 1.156E-01 -1.660E+00 3.474E-02 1.018E-06 2.336E-07
GRB160509374 1.1700 3.697E+02 2.201E-02 3.058E-04 3.552E+02 9.877E+00 -1.015E+00 9.913E-03 -2.232E+00 4.756E-02 1.740E-06 6.529E-08
*GRB190324947 1.1715 2.688E+01 2.640E-02 2.180E-03 1.297E+02 8.230E+00 -9.824E-01 4.490E-02 -2.365E+00 1.350E-01 7.756E-07 1.055E-07
GRB140213807 1.2076 1.862E+01 3.202E-02 2.246E-03 8.615E+01 4.100E+00 -1.126E+00 3.499E-02 -2.252E+00 5.515E-02 8.495E-07 8.243E-08
GRB090926914 1.2400 6.400E+01 8.279E-02 1.367E-02 8.234E+01 2.561E+00 2.346E-01 1.057E-01 -3.343E+00 4.482E-01 2.152E-07 4.965E-08
GRB130420313 1.2970 1.050E+02 2.877E-02 8.411E-03 5.275E+01 3.718E+00 -9.366E-01 1.738E-01 -2.921E+00 4.152E-01 2.583E-07 9.624E-08
GRB140801792 1.3200 7.168E+00 1.046E-01 6.316E-03 1.194E+02 2.638E+00 -3.846E-01 3.932E-02 -3.853E+00 1.200E+00 1.134E-06 2.504E-07
GRB100414097 1.3680 2.650E+01 2.440E-02 2.832E-04 6.635E+02 1.537E+01 -6.242E-01 1.384E-02 -3.534E+00 1.245E+00 3.581E-06 7.504E-07
GRB100615083 1.3980 3.738E+01 2.607E-02 8.130E-03 5.355E+01 7.505E+00 -9.064E-01 1.560E-01 -1.803E+00 3.070E-02 6.146E-07 2.330E-07
GRB160625945 1.4060 4.534E+02 2.479E-02 1.531E-04 4.715E+02 6.445E+00 -9.341E-01 4.352E-03 -2.182E+00 2.018E-02 2.558E-06 4.455E-08
GRB180205184 1.4090 1.536E+01 3.580E-02 7.020E-02 3.520E+01 1.702E+01 -7.653E-01 7.705E-01 -2.130E+00 1.681E-01 2.381E-07 5.420E-07
GRB100814160 1.4400 1.505E+02 2.373E-02 3.611E-03 1.277E+02 8.730E+00 -2.419E-01 1.001E-01 -2.437E+00 2.555E-01 3.307E-07 8.634E-08
GRB180314030 1.4450 2.202E+01 7.343E-02 9.386E-03 1.030E+02 4.485E+00 -4.038E-01 7.725E-02 -3.356E+00 1.473E+00 6.711E-07 1.678E-07
GRB110213220 1.4600 3.430E+01 8.441E-03 7.374E-04 1.126E+02 1.204E+01 -1.563E+00 4.812E-02 -4.870E+00 0.000E+00 4.099E-07 5.837E-08
GRB161117066 1.5490 1.222E+02 2.858E-02 2.805E-03 8.067E+01 3.045E+00 -8.111E-01 5.158E-02 -3.023E+00 5.141E-01 3.354E-07 4.416E-08
GRB100728095 1.5670 1.654E+02 1.973E-02 5.593E-04 2.539E+02 6.569E+00 -5.097E-01 2.151E-02 -2.542E+00 9.954E-02 8.905E-07 5.625E-08
GRB091020900 1.7100 2.426E+01 8.973E-03 1.057E-03 2.283E+02 4.881E+01 -1.245E+00 8.075E-02 -2.454E+00 3.775E+01 5.035E-07 2.996E-06
GRB100906576 1.7270 1.106E+02 2.684E-02 1.039E-02 7.491E+01 2.427E+01 -9.263E-01 2.344E-01 -1.861E+00 1.001E-01 7.480E-07 4.083E-07
GRB120119170 1.7280 5.530E+01 2.270E-02 1.220E-03 1.828E+02 1.045E+01 -9.550E-01 3.240E-02 -2.366E+00 1.603E-01 9.094E-07 9.610E-08
GRB150314205 1.7580 1.069E+01 9.181E-02 1.649E-03 3.472E+02 7.897E+00 -6.792E-01 1.382E-02 -2.601E+00 1.021E-01 6.361E-06 2.866E-07
GRB120326056 1.7980 1.178E+01 6.022E-02 2.483E-02 4.431E+01 5.587E+00 -6.790E-01 2.284E-01 -2.335E+00 1.347E-01 3.562E-07 1.898E-07
GRB131011741 1.8740 7.706E+01 8.097E-03 8.791E-04 2.176E+02 4.088E+01 -8.778E-01 7.417E-02 -2.085E+00 2.288E-01 4.283E-07 1.178E-07
GRB130612141 2.0060 7.424E+00 5.056E-01 2.085E+00 2.894E+01 8.235E+00 3.295E-01 5.639E-01 -2.254E+00 1.824E-01 1.837E-07 7.850E-07
GRB170705115 2.0100 2.278E+01 2.682E-02 3.314E-03 9.788E+01 7.644E+00 -9.911E-01 6.923E-02 -2.303E+00 1.083E-01 6.422E-07 1.119E-07
GRB161017745 2.0127 3.789E+01 9.605E-03 1.253E-03 2.386E+02 4.077E+01 -1.030E+00 1.010E-01 -2.371E+00 7.765E-01 5.130E-07 1.519E-07
GRB140620219 2.0400 4.583E+01 2.570E-02 1.044E-02 6.948E+01 1.072E+01 -8.497E-01 1.905E-01 -2.092E+00 8.071E-02 4.304E-07 2.091E-07
GRB150403913 2.0600 2.227E+01 2.561E-02 6.409E-04 4.287E+02 2.106E+01 -8.733E-01 1.830E-02 -2.108E+00 5.752E-02 2.484E-06 1.619E-07
GRB090926181 2.1062 1.376E+01 6.448E-02 7.427E-04 3.338E+02 5.839E+00 -8.480E-01 8.619E-03 -2.378E+00 4.558E-02 4.542E-06 1.285E-07
GRB120624933 2.1974 2.714E+02 9.779E-03 1.307E-04 6.376E+02 2.451E+01 -9.163E-01 1.227E-02 -2.217E+00 6.592E-02 1.285E-06 6.136E-08
GRB121128212 2.2000 1.734E+01 6.344E-02 1.620E-02 6.008E+01 3.849E+00 -6.837E-01 1.195E-01 -2.424E+00 9.205E-02 5.345E-07 1.644E-07
GRB081221681 2.2600 2.970E+01 6.972E-02 2.871E-03 8.691E+01 1.328E+00 -8.387E-01 2.245E-02 -3.675E+00 4.704E-01 1.053E-06 2.001E-07
GRB141028455 2.3300 3.149E+01 1.804E-02 7.357E-04 2.931E+02 1.798E+01 -8.420E-01 2.806E-02 -1.966E+00 5.182E-02 1.319E-06 1.135E-07
GRB080905705 2.3740 1.060E+02 6.706E-03 1.550E-03 1.826E+02 5.154E+01 -8.523E-01 1.736E-01 -2.316E+00 1.645E+01 2.606E-07 1.053E-06
GRB130518580 2.4900 4.858E+01 2.066E-02 4.170E-04 3.811E+02 1.457E+01 -8.629E-01 1.561E-02 -2.181E+00 6.691E-02 1.746E-06 9.416E-08
GRB081121858 2.5120 4.198E+01 3.519E-02 5.452E-03 1.609E+02 1.445E+01 -4.351E-01 1.148E-01 -2.096E+00 9.481E-02 1.029E-06 2.568E-07
GRB170214649 2.5300 1.229E+02 1.981E-02 2.047E-04 4.814E+02 1.123E+01 -9.788E-01 8.669E-03 -2.512E+00 1.021E-01 1.944E-06 7.330E-08
GRB120811649 2.6710 1.434E+01 4.445E-02 1.558E-02 5.539E+01 3.931E+00 -7.028E-01 2.255E-01 -2.839E+00 3.367E-01 3.252E-07 1.581E-07
GRB140206304 2.7400 2.726E+01 1.006E-01 1.408E-02 1.212E+02 5.826E+00 5.490E-02 9.329E-02 -2.416E+00 9.637E-02 1.091E-06 2.308E-07
GRB081222204 2.7700 1.888E+01 2.546E-02 1.874E-03 1.472E+02 8.431E+00 -8.444E-01 4.478E-02 -2.300E+00 1.188E-01 7.994E-07 9.551E-08
GRB110731465 2.8300 7.485E+00 3.837E-02 1.457E-03 3.222E+02 1.692E+01 -8.686E-01 3.117E-02 -2.436E+00 2.741E-01 2.652E-06 2.598E-07
*GRB181020792 2.9380 1.510E+01 4.340E-02 2.350E-03 2.694E+02 1.350E+01 -3.552E-01 3.960E-02 -1.778E+00 2.270E-02 3.062E-06 3.062E-07
GRB140703026 3.1400 8.397E+01 4.179E-03 4.153E-04 2.089E+02 3.473E+01 -1.267E+00 5.914E-02 -2.681E+00 9.169E-01 2.319E-07 7.141E-08
GRB140423356 3.2600 9.523E+01 1.305E-02 2.538E-03 1.162E+02 1.589E+01 -5.542E-01 1.155E-01 -1.786E+00 4.965E-02 3.618E-07 1.002E-07
GRB140808038 3.2900 4.477E+00 4.924E-02 7.458E-03 1.174E+02 6.459E+00 -4.223E-01 1.004E-01 -2.868E+00 4.827E-01 7.875E-07 2.411E-07
GRB110818860 3.3600 6.707E+01 4.822E-03 1.088E-03 1.822E+02 5.789E+01 -1.112E+00 1.460E-01 -1.765E+00 1.571E-01 3.033E-07 1.053E-07
GRB170405777 3.5100 7.859E+01 2.005E-02 5.696E-04 2.670E+02 9.288E+00 -7.993E-01 1.996E-02 -2.354E+00 8.888E-02 1.170E-06 7.549E-08
GRB090323002 3.5700 1.339E+02 1.101E-02 1.838E-04 4.536E+02 2.360E+01 -1.183E+00 1.145E-02 -2.354E+00 1.470E-01 1.013E-06 6.838E-08
GRB120909070 3.9300 1.121E+02 6.395E-03 4.727E-04 1.996E+02 2.428E+01 -8.436E-01 5.132E-02 -1.934E+00 7.372E-02 3.183E-07 4.987E-08
GRB090516353 4.1090 1.231E+02 4.287E-03 4.314E-04 1.421E+02 2.645E+01 -1.517E+00 5.265E-02 -2.304E+00 2.701E-01 2.581E-07 4.088E-08
GRB120712571 4.1745 2.253E+01 2.395E-02 1.140E-02 1.194E+02 1.610E+01 1.437E-01 3.020E-01 -2.163E+00 2.100E-01 2.732E-07 1.790E-07
GRB140304557 5.2830 3.123E+01 9.363E-03 2.406E-03 1.224E+02 3.144E+01 -7.893E-01 1.765E-01 -2.429E+00 6.779E-01 2.493E-07 1.414E-07
TABLE I: Spectral parameters for the employed GRBs taken from the GBM-FERMI catalogue. The (*) represents
the GRBs that we processed. Columns are: name, redshift, t90, spectral normalization, the standard deviation for the
spectral normalization, peak energy, standard deviation for the peak energy, spectral index of low energy, standard
deviation for the spectral index of low energy, spectral index of high energy, standard deviation for the spectral index
of high energy, bolometric fluence and the standard deviation for the bolometric fluence.
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FIG. 2: Hubble parameter measurements, the fit to the Be´zier curve and its respective 1σ confidence region (shaded
region).
0 ≤ z/zm ≤ 1, with zm the maximum z of the Hubble parameter dataset which consists of 31 measurements
of Hubble parameter taken from [61]. In particular, [44] considered a Be´zier curve of degree n = 2 in order to
obtain a monotonic growing function in such way that with d = 0 and z = 0 it can be identify β0 = H0.
By employing the dataset of Hubble parameter reported in [61], we performed a non-linear least-squares
minimization by using the Python software package lmfit [62]. The best-fit parameters we obtained for the
Be´zier curve with n = 2 are
H2(z) = β0h
0
2(z) + β1h
1
2(z) + β3h
1
2(z), (5)
with β0 = H0 = 67.7652 ± 3.6864, β1 = 102.9455 ± 10.8574 and β2 = 208.7820 ± 14.1192 all in units of km
s−1Mpc−1. In addition, the correlations between these parameters were also obtained: C(β0, β1) = −0.839,
C(β1, β2) = −0.702 and C(β0, β2) = 0.507. The best-fit with its 1σ confidence region are shown in Fig. 2. It
is worth to mention these values are in agreement with the previous estimation made by [44].
The next step consists of extrapolating the function H2(z) to redshift z > zm and construct the luminosity
distance dcalL (z), i.e.,
dcalL (z) = c(1 + z)
∫ z
0
dz′
H2(z′)
, (6)
and therefore the isotropic energy Ecaliso = 4pi(d
cal
L (z))
2Sbolo(1 + z)
−1. In order to obtain the corresponding
errors σEcaliso , the σdL is calculated by taking into account the correlations between the parameters β’s besides
the GRBs systematics on the observables. The corresponding Ep − Ecaliso distribution is shown in Fig. 3.
In order to calibrate the Amati relation for our sample of 81 Fermi-GRBs, we employed a Python module
for performing robust linear regression on data points where both variables have measurement errors. The
fitting method is the bivariate correlated errors and intrinsic scatter (BCES) that follows [63]. In particular,
this method is useful when it is not clear which variable should be treated as the independent variable and
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FIG. 3: 81 GRBs between the redshift range 0.117 ≤ z ≤ 5.283. The best-fit calibration, Amati relation, is the straight
line in purple.
which is the dependent one. Following this method, it was obtained the best fit for the Amati relation
log
(
Ecaliso
erg
)
= A log
(
Ep
300keV
)
+B, (7)
where A = 0.3537± 0.3764, B = 53.2168± 0.1420 and the respective covariance matrix is given by
cov =
[
0.1417 0.0435
0.0435 0.0202
]
. (8)
Finally, the GRBs distance moduli, from the definition µGRB = 5 log(d
cal
L /Mpc) + 25, can be calculated by
using all the fitting parameters obtained from the Amati relation for the sample of 81 GRBs with 0.117 ≤
z ≤ 5.283. The variance of µ is computed by using error propagation method and is given by
σ2µGRB =
(
∂µGRB
∂A
)2
σ2A +
(
∂µGRB
∂B
)2
σ2B+
2
(
∂µGRB
∂A
)(
∂µGRB
∂B
)
σAB +
(
∂µGRB
∂Ep
)2
σ2Ep
+
(
∂µGRB
∂Sbolo
)2
σ2Sbolo ,
(9)
where it is not included the covariances for Ep and Sbolo since they are not correlated.
The distance moduli of the 81 GRBs, µGRB, and their 1σ uncertainties calibrated through the Amati
relation are listen in Table II. The corresponding distribution of µGRB versus z is shown in Fig. 4 together
the most recent compilation of SNe Ia, the Pantheon dataset [46].
Before we proceed, we consider important to point out that although there is a debate as to whether the
Amati relation is an intrinsic effect or the result of detection biases or even a combination of these two [38, 64–
71]. There are also works that claimed the instrumental selection biases, even if they may affect the sample,
8Name zGRB µGRB σµGRB
GRB180728728 0.117 42.8925 0.3267
GRB150727793 0.313 44.8198 0.2120
GRB171010792 0.3285 41.0890 0.2084
GRB130427324 0.34 40.7755 0.7320
GRB130925173 0.347 41.9129 0.7855
GRB140606133 0.384 44.8540 0.5696
GRB190114873 0.425 41.5657 0.7661
GRB091127976 0.4903 44.5669 0.6197
GRB090618353 0.54 41.9673 0.2065
GRB101219686 0.5519 45.5073 0.4163
GRB170607971 0.557 44.9629 0.2380
GRB141004973 0.573 46.9131 0.8406
GRB130215063 0.597 43.1498 0.2627
GRB131231198 0.642 43.3379 0.2200
GRB161129300 0.645 45.2022 0.2349
GRB180720598 0.654 43.1577 0.6308
GRB080916406 0.689 44.3602 0.2588
GRB111228657 0.7163 43.7251 0.7325
GRB140512814 0.725 43.6983 0.6636
GRB090328401 0.736 44.0849 0.6399
GRB160804065 0.736 44.5383 0.3630
GRB100816026 0.8049 47.5538 0.2350
GRB150514774 0.807 45.8597 0.3988
GRB151027166 0.81 43.7225 0.2462
GRB091003191 0.8969 44.7778 0.4288
GRB141225959 0.915 44.9253 0.2240
GRB120907017 0.97 47.8040 0.7296
GRB121211574 1.023 48.4206 0.5334
GRB140508128 1.027 44.0437 0.3068
GRB091208410 1.0633 45.8001 0.5444
GRB180620660 1.1175 44.2628 0.2436
GRB160509374 1.17 41.7320 0.4133
GRB190324947 1.1715 45.0692 0.2146
GRB140213807 1.2076 45.2298 0.3029
GRB090926914 1.24 45.3785 0.3163
GRB130420313 1.297 44.4991 0.4700
GRB140801792 1.32 46.1319 0.2267
GRB100414097 1.368 44.1446 0.6472
GRB100615083 1.398 44.7318 0.4669
GRB160625945 1.406 41.3129 0.5167
GRB180205184 1.409 46.5709 0.6687
GRB100814160 1.44 44.2451 0.2165
GRB180314030 1.445 45.4831 0.2547
GRB110213220 1.46 45.5781 0.2381
GRB161117066 1.549 44.3270 0.3228
GRB100728095 1.567 43.3861 0.3023
GRB091020900 1.71 46.1073 0.3894
GRB100906576 1.727 43.6092 0.3680
GRB120119170 1.728 44.4927 0.2248
GRB150314205 1.758 44.4233 0.4052
GRB120326056 1.798 46.6725 0.5386
GRB131011741 1.874 45.0735 0.2695
GRB130612141 2.006 47.8070 0.9432
GRB170705115 2.01 45.7002 0.2684
GRB161017745 2.0127 45.7348 0.2917
GRB140620219 2.04 45.2549 0.3763
GRB150403913 2.06 44.8412 0.4816
GRB090926181 2.1062 44.6289 0.3914
GRB120624933 2.1974 43.0422 0.6318
GRB121128212 2.2 46.0748 0.4233
GRB081221681 2.26 44.9163 0.2998
GRB141028455 2.33 45.0981 0.3481
GRB080905705 2.374 45.3735 0.2518
GRB130518580 2.49 44.4747 0.4385
GRB081121858 2.512 44.8830 0.2120
GRB170214649 2.53 43.4524 0.5245
GRB120811649 2.671 46.9384 0.4537
GRB140206304 2.74 45.2477 0.2227
GRB081222204 2.77 46.0675 0.2076
GRB110731465 2.83 46.0880 0.3799
GRB181020792 2.938 45.1314 0.3209
GRB140703026 3.14 46.0270 0.2579
GRB140423356 3.26 45.2132 0.2346
GRB140808038 3.29 47.6998 0.2397
GRB110818860 3.36 45.9832 0.2544
GRB170405777 3.51 44.5288 0.3177
GRB090323002 3.57 44.3246 0.5026
GRB120909070 3.93 45.5415 0.2444
GRB090516353 4.109 45.5758 0.2189
GRB120712571 4.1745 47.3048 0.2322
GRB140304557 5.283 47.2699 0.2422
TABLE II: Distance moduli of 81 GRBs calibrated through the Amati relation.
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FIG. 4: Distance moduli µGRB for our 81 GRB sample together with the SNe Ia distance moduli compared to the flat
ΛCDM model with Ωm = 0.299, ΩΛ = 0.701 and h = 0.6875.
cannot be responsible for the existence of the spectral-energy correlations [65, 72]. See also [45, 73, 74] for
more detail discussion supporting the reliability of Amati relation.
IV. PARAMETER ESTIMATION OF DARK ENERGY
We have used the public Boltzmann code class [75] to run the background evolution for all the dark
energy models studied here: the ΛCDM, ωCDM and CPL models. Then we use the cosmological parameter
estimator monte python [76], which is linked to class and adopts the Markov Chain Monte Carlo (MCMC)
method to constrain the parameters of each DE model by fitting the cosmological data. The code employs
the Metropolis-Hastings algorithm [77, 78] for sampling, and computes the Bayesian parameter inference
of the posteriors with the convergence test given by the Gelman-Rubin criterion R [79], where we require
R− 1 < 10−3 for all our chains.
The suite of datasets considered for our analysis includes those related to the expansion history of the
universe, i.e., the ones describing the distance-redshift relations. More precisely, we use Type Ia Supernovae,
BAO data and CMB data in the condensed form of shift parameters (also known as distance priors) as well
as the calibrated samples of Gamma Ray Bursts listed above.
A. Observational data
1. Type Ia Supernovae (SNe Ia)
One of the latest SNe Ia data compilation is the Pantheon sample [46] which consists of 1048 SNe with
the redshift spanning 0.01 < z < 2.3. This sample is a combination of 365 spectroscopically confirmed SNe
Ia discovered by the Pan-STARRS1(PS1) Medium Deep Survey together with the subset of 279 PS1 SNe Ia
(0.03 < z < 0.68) with distance estimates from SDSS, SNLS and several low-z and Hubble Space Telescope
10
Survey zBAO Measurement
6DF 0.106 rs/DV
SDSS DR7 MGS 0.15 DV /rs
SDSS DR12 galaxies 0.38, 0.51, 0.61 DA/rs, DH/rs
TABLE III: BAO measurements from various surveys, [47–49], adopted in this work.
samples (see Table 4 in [46]). In order to perform our analysis, we choose this dataset and use it in the usual
manner to define
χ2SN = ∆µ · C−1 ·∆µ, (10)
where C is the full systematic covariance matrix and ∆µ = µtheo−µobs is the vector of the differences between
the observed and theoretical value of the observable quantity for SNe Ia, the distance modulus, µ. It is worth
mentioning that in our analysis the absolute magnitude is taken as nuisance parameter.
2. Baryon Acoustic Oscillations (BAO)
We used the low redshift galaxy BAO data listed in Table III. The data provide measurements of three
types of ratios of comoving distance: the angular scale of the BAO (DA(z)/rs), the redshift-space BAO scale
(DH(z)/rs) [47], and the spherically-averaged BAO scale (DV (z)/rs) [48, 49] being rs the comoving sound
horizon at the end of the baryon drag epoch given by
rs =
∫ ∞
zd
cs(z)
H(z)
dz, (11)
where cs denotes the sound speed in the primordial photon-baryon plasma given by cs = 3
−1/2c[1 +
3
4ρb(z)/ργ(z)]
−1/2. DH(z) = c/H(z), DA(z) is the comoving angular diameter distance
DA(z) = c
∫ z
0
dz′
H(z′)
, (12)
and DV (z) is the spherically averaged combination of transverse and radial BAO modes,
DV (z) =
[
zDH(z)D
2
A(z)
]1/3
. (13)
Thus, the corresponding χ2BAO for BAO data is given by
χ2BAO = ∆FBAO ·C−1BAO ·∆FBAO, (14)
where ∆FBAO = Ftheo − Fobs is the difference between the observed and theoretical value of the observable
quantity for BAO which can be different depending on the considered survey and C−1BAO is the respective
inverse covariance matrix.
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3. Cosmic Microwave Background (CMB)
Instead of the full data of the CMB anisotropies, we used CMB data in the condensed form of shift
parameters reported in [50], which were derived from the last release of the Planck results [80]. Evidently, the
analysis proceeds much faster in this way than by performing an analysis involving the full CMB likelihood.
The shift parameters, (R, lA,Ωbh
2, ns) provide an efficient summary of CMB data as far as DE constraints
are concerned (as it has been argued in several works [81–84]) which can be used to study models with either
non-zero curvature or a smooth DE component, as in our case, but not for modifications of gravity [83, 84].
The first two quantities in the vector (R, lA,Ωbh
2, ns) are defined as
R ≡
√
ΩmH20
r(z∗)
c
, (15)
lA ≡ pi r(z∗)
rs(z∗)
, (16)
where r(z) is the comoving distance and rs(z) is the comoving sound horizon, both evaluated at photon-
decoupling epoch z∗.
The corresponding χ2 for the CMB is
χ2CMB = ∆FCMB ·C−1CMB ·∆FCMB , (17)
where FCMB = (R, lA,Ωbh2, ns) is the vector of the shift parameters and C−1CMB is the respective inverse
covariance matrix. The mean values for these shift parameters as well as their standard deviations and
normalized covariance matrix are taken from Table 1 of [50].
4. Gamma-Ray Bursts (GRBs)
We used two samples. The first one consists on 193 GRBs calibrated in [44] which cover the redshift range
0.03351 ≤ z ≤ 8.1. The second sample is our set of 81 Fermi-GRBs listed above, with a redshift range
0.117 ≤ z ≤ 5.283 calibrated in this work in a model-independent way.
The χ2 function for the GRBs data is defined similarly to the SNe Ia data, Eq. 10, as
χ2GRBs = ∆µ · C−1 ·∆µ, (18)
where C is a diagonal matrix containing σ2µ and ∆µ = µtheo−µestimated is the vector of the differences between
the theoretical and estimated value of the distance moduli for the GRBs.
V. RESULTS AND DISCUSSION
We have obtained the constraints for the ΛCDM, ωCDM and CPL models from the latest observational
data of SNe Ia, BAO, CMB distance priors inferred from the final Planck 2018 data, and including either
the 193 GRBs calibrated by [44] or the 81 GRBs calibrated in this work. For comparison, SNe Ia + BAO
+ CMB without GRBs have been also analysed in order to highlight the contribution of GRBs to the joint
12
0.68 0.682 0.685
ΩΛ
0.315 0.318 0.32
Ωm
0.68
0.682
0.685
Ω
Λ
SNIa + BAO + CMB
SNIa + BAO + CMB + GRBs(1)
SNIa + BAO + CMB + GRBs(2)
FIG. 5: Constraints at the 68% and 95% C.L. on the (Ωm, ΩΛ) plane using different combinations of datasets. 1) The
joint analysis of the SNe Ia, BAO and CMB distance priors, 2) SNe Ia + BAO + CMB + the sample of 193 GRBs
calibrated by [44], labeled as GRBs(1) and 3) SNe Ia + BAO + CMB + the sample of 81 GRBs from Fermi-GBM
catalog calibrated in this work, labeled as GRBs(2).
SNIa+BAO+CMB SNIa+BAO+CMB + GRBs(1) SNIa+BAO+CMB + GRBs(2)
best-fit mean±σ best-fit mean±σ best-fit mean±σ
Ωm 0.3179 0.3179
+0.00057
−0.00058 0.3180 0.3180
+0.00057
−0.00057 0.3181 0.3181
+0.00056
−0.00058
ΩΛ 0.6820 0.6820
+0.00058
−0.00057 0.6819 0.6820
+0.00057
−0.00057 0.6818 0.6818
+0.00058
−0.00056
TABLE IV: Constraints at 68% C.L. on the cosmological parameters (Ωm, ΩΛ) in case of the ΛCDM model using
different combinations of datasets. 1) The joint analysis of the SNe Ia, BAO and CMB distance priors, 2) SNe Ia +
BAO + CMB + the sample of 193 GRBs calibrated by [44], labeled as GRBs(1), and 3) SNe Ia + BAO + CMB +
the sample of 81 GRBs from Fermi-GBM catalog calibrated in this work, labeled as GRBs(2).
cosmological constraints.
Figure 5 shows the constraints on the parameters (Ωm,ΩΛ) for the ΛCDM model from the three sets of data.
In Table IV, the best-fit values for these parameters with 1-σ uncertainties are shown. In spite of the large dis-
persion observed in our calibrated GRBs sample, the results obtained by using SNIa+BAO+CMB+GRBs(2)
are in good agreement with the results obtained by using the calibrated sample by [44], namely the results
obtained by using SNIa+BAO+CMB+GRBs(1), and these both are consistent with the Planck 2018 results
[80] within 1σ confidence level. On the contrary, we found that our results, either including GRBs(1) or
GRBs(2), are not consistent with the ones of [44]. They obtained Ωm = 0.397
+0.040
−0.039 at 95% confidence level
by using the past SNe Ia JLA data set [85] and their calibrated sample of GRBs (We emphasise that no CMB
or BAO data was included in their analysis).
The results of a similar analysis for the ωCDM model are displayed in Figure 6. In this case our calibrated
sample yields a value for the ω0 parameter lower than that obtained with the other two datasets. We find,
however, consistency with the results of [44] at 2σ confidence level as is evident from the datasets SNe Ia
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FIG. 6: Constraints at the 68% and 95% C.L. on the (ω0, Ωm) plane from the combinations of datasets mentioned in
Fig. 5.
SNe Ia + BAO + CMB SNe Ia + BAO + CMB + GRBs(1) SNe Ia + BAO + CMB + GRBs(2)
best-fit mean±σ best-fit mean±σ best-fit mean±σ
ω0 −0.9776 −0.9782+0.01−0.0096 −0.9755 −0.9757+0.0099−0.0096 −0.9843 −0.9837+0.01−0.0099
Ωm 0.3141 0.3142
+0.0018
−0.0018 0.3138 0.3138
+0.0018
−0.0018 0.3155 0.3153
+0.0018
−0.0018
ΩDE 0.6858 0.6857
+0.0018
−0.0018 0.6861 0.6861
+0.0018
−0.0018 0.6844 0.6846
+0.0018
−0.0018
TABLE V: Constraints at 68% C.L. on the cosmological parameters of the wCDM model using the combinations of
datasets mentioned in Table IV.
+ BAO + CMB + GRBs(1) and SNe Ia + BAO + CMB + GRBs(2) in that same figure. The respective
best-fits of the analysis are listed in Table V. Note that the values for σ reported in that table indicate that
our sample yields similar errors to those of [44].
The datasets tested show most tension when analysing the CPL model. In Figure 7 we show 1σ (dark
colours) and 2σ (light colours) error contours in the (ω0, ωa) parameter space resulting from the combination
SNe Ia + BAO + CMB SNe Ia + BAO + CMB + GRBs(1) SNe Ia + BAO + CMB + GRBs(2)
best-fit mean±σ best-fit mean±σ best-fit mean±σ
w0 −0.9631 −0.9515+0.074−0.078 −0.8628 −0.8548+0.073−0.075 −1.135 −1.131+0.056−0.059
wa −0.05507 −0.1079+0.3−0.27 −0.4361 −0.4782+0.31−0.28 0.5431 0.5255+0.21−0.18
Ωm 0.3142 0.3144
+0.0018
−0.0019 0.3144 0.3147
+0.0018
−0.0019 0.3145 0.3144
+0.0018
−0.0018
TABLE VI: Constraints at 68% C.L. on the cosmological parameters of the CPL model using the combinations of
datasets mentioned in Table IV.
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FIG. 7: Constraints at the 68% and 95% C.L. on the (ω0, ωa) plane from the combinations of datasets mentioned in
Fig. 5.
of samples indicated above. The best-fit values from our calibrated sample intersect only at 2σ with those
from SNe Ia + BAO + CMB + 193 GRBs, whilst consistency lies at 1σ with the data excluding GRBs. We
note that the values of the parameter ω0 in the CPL model from the three datasets employed in this work,
intersect the range of values resulting from the Planck 2018 data at 2σ [80], and the recent results of [86]
where a sample of GRBs covering a redshift range of 0.033 ≤ z < 9 is employed, together with direct H(z)
measurements [87] and the past compilation of SNe Ia Union 2.1 [88]. A list of the results of this analysis
is provided in Table VI. Note again that our adequate handling of errors yields an even smaller confidence
region for the parameters of this model than the posterior of [44].
VI. SUMMARY AND CONCLUSIONS
Through the criteria described in Sec. II we have carefuly selected a sample of 81 GRBs. The Amati relation
for these GRBs is calibrated in a model-independent way. Such calibration, described in Section III, relies on
H(z) data as our calibration source at low redshifts. We have computed and incorporated our GRB distance
moduli to a suite of observations complemented by the latest CMB, BAO and SNe 1a data in order to fit
parameters of Dark Energy and test for the usefulness of our sample. We find consistency with previous works
for ΛCDM and ωCDM models at 2σ in the posterior contours of the relevant parameters. An evident difference
with previous results lies on the values of the parameters of the CPL model. Our data prefers a dynamic dark
energy which transits from a quintessence-like equation of state (ωDE > −1) at early times to a phantom-like
component (ωDE < −1) today. The discrepancies with results of previous works employing GRB samples may
be due to one or more of the following factors. Our debugging technique for the GRBs compilation discards
objects with large uncertainty and those for which the spectral parameters are undetermined. This is partially
the reason why we have not included GRBs from the Swift satellite, where some of the spectrum features lie
outside the range of wavelengths detected (see discussion in Sec. II A). Furthermore, we have taken special
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care in handling the errors of our dataset. Additionally, in the estimation of DE parameters we employ the
GRBs sample combined with the latest cosmological data (Planck 2018 for CMB and DR12 for BAO) and the
latest compilation of SNe Ia (Pantheon) in contrast with previous works which avoid cosmological distance
estimators and take supernovae only from the JLA compilation or Union 2.1 compilation. In any case, it is
clear from Table VI that the errors associated are tighter for this model than those of the Amati sample. It
is worth mentioning that the difference between our posterior values and those of previous works may also
reflect the increasing tension between the local and cosmological estimations of the Hubble parameter. The
apparent DE equation of state evolution may just represent a different interpretation of a known problem:
the tension standing between the local and cosmological determination of the expansion parameter (see e.g.
[89]). Our sample covers a range of redshift up to z = 5.283, yet the calibration of GRBs is carried through
direct measurements of H(z) thus relying purely on local measurements of the expansion. As a consequence
the extra weight of the local measurements may serve as a lever arm for the phantom behaviour of the DE
equation of state. The above issues may be elucidated with the arrival of new and more precise data. In the
meantime we are confident to have obtained a robust sample of GRBs for cosmic distance estimation and
with the associated errors adequately accounted for. Our estimation of DE parameters show that GRBs are
competent as a complementary probe to the other well-established cosmological observations.
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